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1. INTRODUCTION

This report contains a collection of iTOUGH2 sample problems. It complements the
iTOUGH2 User's Guide [Finsterle, 2007], and the iTOUGH2 Command Reference
[Finsterle,2016]

iTOUGH2 is a program for parameter estimation, sensitivity analysis, and uncertainty
propagation analysis. It is based on the TOUGH2 simulator for non-isothermal multiphase
flow in fractured and porous media [Pruess, 1987, 1991a]. The report iTOUGH?2 User's
Guide [Finsterle, 2007] describes the inverse modeling framework and provides the
theoretical background. The report i[TOUGH2 Command Reference [Finsterle, 2016]
contains the syntax of most iTOUGH2 commands (see also http://eesa.lbl.gov/iTOUGH2,
click on Command Index). This report describes a variety of sample problems solved by
iTOUGH2.

Table 1.1 contains a short description of the seven sample problems discussed in this
report. The TOUGH2 equation-of-state (EOS) module that needs to be linked to iTOUGH2
is also indicated. Each sample problem focuses on a few selected issues, as shown in
Table 1.2. iTOUGH2 input features and the usage of program options are described.
Furthermore, interpretations of selected inverse modeling results are given. Problem 1 is a
multipart tutorial, describing basic iTOUGH?2 input files for the main iTOUGH2 application
modes; no interpretation of results is given. Problem 2 focuses on non-uniqueness, residual
analysis, and correlation structure. Problem 3 illustrates a variety of parameter and
observation types, and describes parameter selection strategies. Problem 4 compares the
performance of minimization algorithms and discusses model identification. Problem 5
explains how to set up a combined inversion of steady-state and transient data. Problem 6
provides a detailed residual and error analysis. Finally, Problem 7 illustrates how the
estimation of model-related parameters may help compensate for errors in that model.

Table 1.1. Summary of Sample Problems

# EOS Description
1 3 Tutorial; introduction to main iTOUGH2 applications
2 3 Analysis of data from laboratory gas-pressure-pulse-decay experiment;

parameter correlation, non-uniqueness, systematic errors
1 Calibration of geothermal reservoir model; automatic parameter selection

4 9  Analysis of multi-step radial desaturation experiment; step changes in

boundary conditions; minimization algorithm

5 3 Pneumatic pressures; user-specified boundary conditions; matching

transient data after steady-state equilibrium calculation
6 4 Ventilation experiment; error analysis

7 9  Examines numerical diffusion by comparison to analytical solution

iTOUGH?2 SAMPLE PROBLEMS 1 INTRODUCTION



Table 1.2. Summary of Issues Addressed by Sample Problems

# Part  CPU time” Application/iTOUGH?2 features
1 1 1 sec Solves forward problem using iTOUGH2
2 1 sec Generates time series plots
3 1 sec Sensitivity analysis
4 1 sec Parameter estimation
5 1 sec FOSM uncertainty propagation analysis
6 5 sec Monte Carlo simulations
2 1 2 sec Non-uniqueness
2 2 sec Resolve non-uniqueness by adding observations
3 3 sec Parameterization of systematic errors
3 1 15 sec Automatic parameter selection
2 5 sec FOSM uncertainty propagation analysis
4 1 1 sec Gauss-Newton
2 1 sec Levenberg-Marquardt
3 5 sec Simplex
4 1 min Simulated Annealing
5 20 sec Grid Search
5 - 1 min Matching transient data after steady-state simulation
6 - 30 sec Inversion; check of linearity assumption
7 - 1 sec User-specified data function
Approximate CPU time.

All input and data files needed to run the sample problems are part of the iTOUGH2
distribution package. The TOUGH2 and iTOUGH?2 input file names are sam# and sam#i,
respectively, where # stands for the problem number. Multipart problems have file names
of the form sam#p%i, where # is the problem number and % is the part number. Data files
are identified by a “.dat” file extension.

The key to a successful application of iTOUGH2 is (1) a good understanding of multiphase
flow processes, (2) the ability to conceptualize the given flow and transport problem and to
develop a corresponding TOUGH2 model, (3) detailed knowledge about the data used for
calibration, (4) an understanding of parameter estimation theory and the correct
interpretation of inverse modeling results, and (5) proficiency in using iTOUGH?2 options.
This report addresses issues (4) and (5).

iTOUGH?2 SAMPLE PROBLEMS

2 INTRODUCTION



2. PROBLEM 1: SENSITIVITY ANALYSIS, PARAMETER
ESTIMATION, AND UNCERTAINTY ANALYSIS

2.1 Introduction

The purpose of Problem 1 is to develop a sequence of simulations that demonstrate the
three key applications of iTOUGH?2, namely (1) sensitivity analysis for experimental design,
(2) parameter estimation by data inversion, and (3) uncertainty propagation analysis. We
focus here on a step-by-step description of the development of iTOUGH?2 input files rather
than on the interpretation of the inverse modeling results.

A synthetic laboratory experiment is chosen for simplicity. A schematic of the experi-
mental layout is shown in Figure 2.1.1. Water is injected at constant pressure into a one-
dimensional, horizontal column filled with uniform, partially saturated sand. This setup is
similar to the one used for a standard steady-state Darcy experiment. However, there is a
certain amount of free gas initially present in the column, and information about the
transient behavior of pressures and flow rates are used to determine two-phase flow
parameters.

The corresponding TOUGH? input file is shown in Figure 2.1.2.

. c,;,cF’cF’
AR
51°% o
[ o

Time

Flow Rate

Time

Figure 2.1.1. Schematic of synthetic laboratory experiment.
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saml: TOUGH2 input file for simulating two-phase, transient “Darcy” experiment

ROCKS=—===l-— e e e e e e F e e B e e F e e e e e e F e e D e F e fm e F e T %8
SAND 1 2650. .3500 2.000E-12 2.51 920.
1.000E-08
BOUND 0 2650. .9900 2.000E-12 2.51 100000.
RPCAP-—-—-l---o¥ e e b b F 5k f R T %8
3 0.200E+00 0.050E+00
1 0.000E+00 0.000E+00 1.000E+00
PARAM---=-l--——* e 2 m e ¥ e B b e F e F e fe e F e k8
2 500 9999100000100000000400003000

0.000E+00 6.000E+02 2.500E+00 1.000E+01

100000.000000000000 10.30000000000000 20.000000000000000

TIMES----l-—--*%—— ¥ B bl e B F e fm e F e k8
1 9 60.0
60.0
MULTI----1l-——-%——cec2 %3 ¥ ¥ e B F e fm———F e T % -8
2 2 2 6
ELEME----1l----%—e 2 3 b F 5k f R T %8
IN BOUND .1000E+50 .0000E+00
All 1 49 1SAND .1000E-03
ouT BOUND .1000E+50 .5000E+00
CONNE====]-mm e e e e e F e e B e e F e e e e e e e D e e F e fm e F e T %8
IN OAll 1 1 .1000E-10 .5000E-02 .1000E-01
All 1Al11 2 48 1 1 1 .5000E-02 .5000E-02 .1000E-01
Al11500UT 0 1 .5000E-02 .1000E-10 .1000E-01
START----l-———%———— 2————F e 3ok e SmmmmF e b————F e YELELLE L 8
INCON=-===l-——u®eeee 2 3ok L Bmm ek b————F e T=———F e 8
IN
110000.000000000000 0.00000000000000000 20.000000000000000
ouT

100000.000000000000 0.00000000000000000 20.000000000000000

Figure 2.1.2. TOUGH2 input file sam].

We assume that the objective of the experiment is to estimate the permeability and the
porosity of the sand as well as the initial gas saturation. Furthermore, we presume that only
one flow meter and one pressure transducer are available for data collection. The
measurement uncertainties of the two instruments are 5 ml/min and 200 Pa, respectively.

Step-by-step instructions will be given for this sample problem. In the first two parts
(Section 2.2), we use iTOUGH?2 to simply solve the forward problem, producing a plot file,
and at the same time generating the synthetic database for the subsequent inversions. In
Part 3 (Section 2.3), a sensitivity analysis is performed to determine the optimum location
of the flow meter and pressure transducer. This demonstrates how iTOUGH?2 can be used
for experimental design. The estimation of the three parameters of interest based on
synthetic flow rate and pressure data is discussed in Part 4 (Section 2.4). Finally, in
Section 2.5, we compare the uncertainty of the model predictions by using linear
uncertainty propagation analysis (Part 5) and Monte Carlo simulations (Part 6).
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2.2 Solving the Forward Problem with iTOUGH2

It is very important for any inverse modeling effort to solve the forward problem in a
stable, robust, and efficient manner. A standard TOUGH2 forward run should always be
performed to check the appropriateness of the simulation before more time-consuming
inversions are initiated. Plotting the simulation results obtained with the initial parameter
set against the data is also strongly recommended because frequent errors such as wrong
conversion factors, opposite signs of measured and calculated flow rates, time lags and data
shifts, etc. can readily be detected. Furthermore, it provides a first assessment of the model,
and allows one to estimate the CPU-time required for solving the inverse problem.

A single TOUGH2 simulation can be performed by typing the following command (on Unix
systems):

tough2 saml 3 &

This command makes use of the Unix script file tough2, which automatically takes file
~/itough2/invdir as a dummy iTOUGH?2 input file. If using this approach, potential error
messages are printed to file 12.msg.

On a PC, use either the batch file rough2.bat (or itough?2.bat), or start the iTOUGH?2
executable itough?2.exe) in the working directory. You will be prompted to enter the names
of the ITOUGH?2 and TOUGH2 input files; provide file invdir (or any dummy file, which
may be empty) as the iTOUGH2 input file, file saml as the TOUGH2 input file, and the
number of the EOS module (here: 3). In the remainder of this manual, only the Unix
command is given.

An alternative way to using file invdir is to write a short iTOUGH2 input file (samlipli) as
shown in Figure 2.2.1.

> COMPUTATION
>> OPTION
>>> solve FORWARD problem only
<<<L
<<

Figure 2.2.1. iTOUGH?2 input file samipli used to solve direct problem.

The following command must be used to solve all parts of Problem 1:
itough2 samlp#i saml 3 &

where “#” is the part number.
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Since no parameters or observations are provided, the iTOUGH2 output file samlipli.out
contains warning messages that can be ignored in this specific case. In general, however,
one should always consult the following files to check for potential errors:

(1) the iTOUGH?2 output file (e.g., samlIpli.out)
(2) the TOUGH?2 output file (e.g., saml .out)
(3) the iTOUGH2 message file (e.g., samlIpli.msg)

In Part 2, we use iTOUGH2 to generate a time plot of pressure and flow rates at two
selected points within the column. The plotfile will later be used as the synthetic datafile
for the inversion.

iTOUGH?2 provides convenient options in block > OBSERVATIONS to pick points in
space and time at which the value of selected TOUGH2 output variables can be examined.
Here, we are interested in the pressures [Pa] in the center of the column, and the flow rates
[ml/min] at the inlet. Sixty equally spaced points in time between 10 and 600 seconds are
selected to generate the time series. Columns of time versus calculated flow rates and
pressures are written to file samlIp2i.col, which can be processed by most visualization
packages for plotting. The corresponding iTOUGH?2 input file is shown in Figure 2.2.2.

The pressure is observed at the center of the column, identified by the corresponding
gridblock name (note that blanks in a gridblock name must be replaced by underscores).
For flow rates, the two gridblock names defining the connection at the inlet are specified.
Since no measured data are available, command >>>> NO DATA is added, which
automatically generates dummy data points of value 10°°. A multiplication factor
of -1.6667E-5 is specified, converting positive flow rates in units of [ml/min] to the flow
rates calculated by TOUGH2, which are negative and in [kg/sec]. Note that the sign of the
calculated flow rates is the result of a convention, i.e., it is arbitrarily defined by the
ordering of elements in a connection. This convention has to be accounted for by choosing
the correct sign of the conversion factor.

By default, the format of the plotfile concurs with the TECPLOT visualization software. In
order to arrange the plotfile in columns, command >>> FORMAT: COLUMN is used.
The first column in file samip2i.col (see Figure 2.2.3) holds the selected times in the
chosen time units; the second column contains the TOUGH?2 output for the first data set
(e.g., pressures at element A1125); the third column contains the calculated system
response for the second data set (e.g., liquid flow rate across interface IN__0 A11_1), and
so on. If measurements are available, additional columns will be generated with the
observed data. (File samIp2i.col will be used in Part 4 as the file from which the synthetic
data are extracted.)

This simulation produces a relatively large TOUGH2 output file saml.out even for this
small problem, because full results are printed at 60 printout times. Specifying a negative
number for parameter KDATA in TOUGH2 block PARAM.1 suppresses the printout of state
variables in the TOUGH?2 output file, saving disk space and making the run slightly faster.
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> OBSERVATION

>> select: 60 EQUALLY spaced points in TIME (print MANUAL page)
10.0 600.0 seconds

>> PRESSURE
>>> ELEMENT Al1125
>>>> NO DATA needed
<<LL<L
<<<

>> LIQUID FLOW RATE
>>> CONNECTION IN 0 All 1
>>>> FACTOR :-1.666667E-05 (ml/min - kg/sec)
>>>> NO DATA needed
<<LLL
<L
<<

> COMPUTATION

>> OPTION
>>> solve FORWARD problem only
<<<

>> OUTPUT
>>> LIST all available plot file FORMATS and select: COLUMNS
>>> output in MINUTES
>>> perform BENCHMARK calculation
>>> print VERSION control statements
>>> print command INDEX to file samlp2i.out
<<<
<<

Figure 2.2.2. iTOUGH2 input file samlp2i. Solves forward problem and generates column
file samlp2i.col with flow rates and pressures as a function of time.

TIME SIMO SIMO

[min] P(GAS) All25 F-L IN 0 All 1
.16666667E+00 .10302017E+06 .85780174E+02
.33333333E+00 .10351308E+06 .65323231E+402
.50000000E+00 .10353113E+06 .57637722E+02
.66666667E+00 .10340909E+06 .53653780E+02
.83333333E+00 .10325474E+06 .50982470E+02
.10000000E+01 .10310265E+06 .48876966E+02
.11666667E+01 .10296287E+06 .47075537E+02
.10000000E+02 .10491346E+06 .21109160E+02

Figure 2.2.3. Excerpt from iTOUGH?2 plot file samIp2i.col. Time is in the first column,
followed by the simulated state variables for each data set. This file will be used as the data
file in Part 4.
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2.3 Sensitivity Analysis

Part 3 demonstrates how iTOUGH2 is used to perform a sensitivity analysis. By calculating
global sensitivity measures for each parameter and each observation type, alternative
experimental configurations can be compared to each other, and the design most suitable
for estimating parameters in a subsequent inversion can be identified. As in any sensitivity
analyses involving non-linear processes, prior knowledge about the parameters must be
available, or the analysis has to be repeated for different parameter combinations.
Furthermore, the parameters of interest and their potential variations must be specified, as
well as the type, location, and expected uncertainty of the measurements. Since the experi-
ment has to be optimized with respect to the estimation of permeability, porosity, and
initial gas saturation, these three parameters and their respective variations are defined in
the > PARAMETER block of the iTOUGH?2 input file (Figure 2.3.1).

Since the permeability of the column and the adjacent boundary gridblocks are considered
a single parameter to be varied, both material names, i.e., SAND and BOUND, are
specified on the same line. Note that the initial gas saturation is referred to as primary
variable No. 2 of the TOUGH2 block PARAM 4, which holds the default initial conditions.
Potential parameter variations are specified, scaling the sensitivity coefficients of the
Jacobian matrix. For permeability, the variation of the logarithm is given rather than
permeability itself. No parameter annotation is provided for porosity, prompting iTOUGH2
to automatically generate an identifier.

In the > OBSERVATION block, pressures in elements A1112, A1125, and A1138 are
examined. The element names correspond to three potential measuring locations within the
column, at a distance of 1/4, 1/2, and 3/4 of the total column length from the inlet, respec-
tively. Furthermore, the connections defining the inlet and the outlet are given as the two
alternative points for flow rate measurements.

The program option >>> SENSITIVITY ANALYSIS is invoked, which makes
iTOUGH2 run n +1=4 TOUGH2 simulations to calculate the Jacobian matrix, where 7 is
the number of parameters. Note that option >>> FORWARD used in file samlip2i
(Figure 2.2.2) must be disabled. This can be done by (1) deleting the corresponding line,
(2) replacing the command level indicator “>>>" by blanks (or any other character), (3)
surrounding the line with “/*” and “*/” comment characters, or (4) adding a comment
character (“#7) in the first column.

The Jacobian matrix and the covariance matrix of the parameters provide the basis for a
detailed sensitivity analysis. We notice from the global sensitivity measures shown in
Figure 2.3.2 that the highest sensitivity is realized for the pressure measurements in the
center of the column, and that the flow rate data at the inlet contain significantly more
information than the flow rate data at the outlet, suggesting implementation of the
experimental configuration shown in Figure 2.1.1.
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> PARAMETER

>> ABSOLUTE permeability
>>> MATERIAL : SAND BOUND
>>>> ANNOTATION : log(abs. perm.)
>>>> LOGARITHM
>>>> VARIATION : 0.3
<<<<
<<<

>> POROSITY

>>> MATERIAL : SAND
>>>> VALUE
>>>> VARIATION : 0.10
<<<<

<<<

>> INITIAL condition for primary variable No.: 2
>>> DEFAULT
>>>> ANNOTATION : Gas entrapped
>>>> VALUE
>>>> VARIATION : 0.10
<<<L<
<<<
<<

> OBSERVATION

>> select : 60 points in TIME, EQUALLY spaced between
10.0 600.0 seconds

>> PRESSURE
>>> ELEMENT : Al1112

>>>> ANNOTATION : Pressure 1/4
>>>> NO DATA available

>>>> DEVIATION : 200.0 Pa (expected measurement error)
<<<<
>>> ELEMENT : A1125

>>>> ANNOTATION : Pressure 1/2
>>>> NO DATA available

>>>> DEVIATION : 200.0 Pa
<<<<
>>> ELEMENT : A1138

>>>> ANNOTATION : Pressure 3/4
>>>> NO DATA available
>>>> DEVIATION : 200.0 Pa
<<KLL

<<

Figure 2.3.1. iTOUGH?2 input file samip3i used to perform sensitivity analysis of 5
observations with respect to 3 parameters.
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>> LIQUID FLOW RATE

>>> CONNECTION : IN 0 All 1
>>>> ANNOTATION : Flow inlet
>>>> FACTOR :-1.666667E-05 (ml/min - kg/sec)
>>>> NO DATA available
>>>> DEVIATION : 5.0 ml/min (expected measurement error)
<<<<
>>> CONNECTION : A1150 ouT 0
>>>> ANNOTATION : Flow outlet
>>>> FACTOR :-1.666667E-05 (ml/min - kg/sec)
>>>> NO DATA available
>>>> DEVIATION : 5.0 ml/min
<<<<
<<<

<<

> COMPUTATION
>> OPTION
solve FORWARD problem only
>>> perform SENSITIVITY analysis
<<<

>> OUTPUT
>>> PLOTFILE contains : COLUMNS
<<<

<<

Figure 2.3.1 (cont.). iTOUGH?2 input file samp3i used to perform sensitivity analysis of 5
observations with respect to 3 parameters.

log(abs. perm.) POROSITY SAND Gas entrapped Total
Total from data Pressure 1/4 274.9 113.3 262.4 650.5
Total from data Pressure 1/2 440.1 180.9 370.1 991.0 €
Total from data Pressure 3/4 289.3 116.9 255.8 662.1
Total from data Flow inlet 168.2 41.5 119.6 329.4 €
Total from data Flow outlet 9.2 2.4 30.5 42.2
Total parameter sensitivity 1181.7 455.0 1038.4

Figure 2.3.2. Excerpt from iTOUGH?2 output file samlp3i.out, showing global sensitivity
measures.
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2.4 Parameter Estimation

Part 4 demonstrates the main application of iTOUGH2, i.e., the estimation of TOUGH2 input
parameters by automatically calibrating the model against discrete observations in space
and time. We concluded from the sensitivity analysis discussed in Section 2.3 that it is most
advantageous to use pressure data measured at the center of the column and flow rate data
at the inlet to estimate the three parameters of interest. In this synthetic experiment, the data
were not actually measured, but rather obtained by running a forward simulation (see
Part 2). The second and third columns in file samip2i.col contain the pressure and flow rate
data, respectively, as a function of time (which is stored in Column 1).

While the true parameters p! = =(-~11.7,0.35,10.30) are given by the TOUGH2 input file
saml used to generate the data, we pretend not to know their values. An initial guess
p, =(~12.0,0.25,10.20) is provided for each parameter through the iTOUGH?2 input file
samlp4i (see Figure 2.4.1). Starting from this initial parameter set, correct identification of
the true parameter set may serve as a verification of the iTOUGH2 minimization algorithm.

An admissible range is specified for the third parameter in order to prevent iTOUGH?2 from
suggesting values that lead to an error in the TOUGH2 simulation. The third parameter
represents initial gas saturation with physical values in the interval 0 < S, <1I; however,
the admissible range for the corresponding TOUGH2 input parameter is
10.0 < DEP(2) <11.0.

The simulation results are compared at 60 points in time to the data provided on file
samlp2i.col. Data could also be directly supplied through the iTOUGH?2 input file samip4i.
If reading from an external file, keyword FILE must be present, and the file name and
time units have to be given on the >>>> DATA command line. The data file samip2i.col
(see Figure 2.2.3) contains two header lines that have to be skipped before actual data can
be read (command >>>> HEADER). Furthermore, the columns holding the times (default:
Column1) and observed values (default: Column 2) are specified using command
>>>> COLUMN.

In the > COMPUTATION block, the number of iTOUGH?2 iterations is being limited to 5.
The input file generates 3 warning messages, which can be ignored.
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> PARAMETER

>> ABSOLUTE permeability

>>> MATERIAL : SAND BOUND
>>>> ANNOTATION : log(abs. perm.)
>>>> LOGARITHM
>>>> initial GUESS : =-12.0
>>>> VARIATION : 0.3
<<LL<L

<<<

>> POROSITY

>>> MATERIAL : SAND
>>>> initial GUESS : 0.25
>>>> VARIATION : 0.10
<<<<

<<<

>> INITIAL condition for primary variable No.:2
>>> DEFAULT

>>>> ANNOTATION : Gas entrapped
>>>> VALUE

>>>> initial GUESS : 10.25

>>>> admissible RANGE : 10.01 10.99
>>>> VARIATION : 0.10

<<LL<L

<<
<<

> OBSERVATION

>> select : 60 points in TIME, EQUALLY spaced between
10.0 600.0 seconds

>> PRESSURE

>>> ELEMENT : All125
>>>> ANNOTATION : Pressure 1/2
>>>> HEADER contains : 2 lines
>>>> COLUMNS 12 (time vs. pressure)
>>>> Read DATA from FILE : samlp2i.col (time is in MINUTES)
>>>> standard DEVIATION : 200.0 Pa (measurement error)
<<LL<L

<<<

>> LIQUID FLOW RATE
>>> CONNECTION defining inlet: IN 0 All 1

>>>> ANNOTATION : Flow inlet

>>>> FACTOR :-1.666667E-05 (ml/min - kg/sec)
>>>> HEADER contains : 2 lines

>>>> COLUMNS : 13 (time vs. flow rate)
>>>> Read DATA from FILE : samlp2i.col (time is in MINUTES)
>>>> standard DEVIATION : 5.0 ml/min (measurement error)
<<<<

<<
<<

Figure 2.4.1. iTOUGH?2 input file samlIp4i. Performs parameter estimation by inverse
modeling.
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> COMPUTATION

>> STOP
>>> after : 5 ITERATIONS
>>> ignore WARNINGS
<<<

>> ERROR
>>> use A PRIORI error variance for error analysis
<<<

/*
>> OPTION
. solve FORWARD problem only
>>> perform SENSITIVITY analysis
<<<

>> OUTPUT
>>> PLOTFILE contains : COLUMNS
<<<
*/
<<

Figure 2.4.1 (cont.). iTOUGH2 input file samlp4i. Performs parameter estimation by
inverse modeling.

By default, the error analysis is based on the a posteriori or estimated error variance, which
is calculated from the final residuals. In our case, however, the estimated error variance
would be very close to zero because no random noise representing measurement errors has
been added to the synthetic data. The command >>> A PRIORI makes iTOUGH?2 use
the apriori defined error variance for the error analysis, i.e., it is assumed that the final
residuals exhibit a standard deviation of 200 Pa and 5 ml/min, respectively. Blocks
>> OPTION and >> OUTPUT are deactivated by surrounding them with “/*” and
“*/” comment characters, making iTOUGH2 perform the default application, i..,
parameter estimation by means of the Levenberg-Marquardt minimization algorithm. The
plot file will be generated using the default time units (seconds) and the default format
instead of columns. The default plot file format, which is TECPLOT (plot file extension
.tec), can be changed by redefining variable IPLOTFMT in BLOCK DATA 1IT, file
it2main. f.

The inversion is started by typing

itough2 samlp4i saml 3 &

The optimization process can be followed during execution by typing the Unix command
prista which displays the current status of the inversion, i.e., the number of TOUGH2

runs and iTOUGH?2 iterations completed, parameter updates and current parameter values,
reduction and current value of objective function, etc. (on a PC, this information is printed
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